Rapid cycling proton synchrotrons, such as the proposed LAMPF II accelerator, require approximately 10 MV per turn rf with 17% tuning range near 50 MHz. The traditional approach to ferrite-tuned cavities uses a ferrite which is longitudinally biased (rf magnetic field parallel to bias field). This method leads to unacceptably high losses in the ferrite.
Introduction
The use of ferrites in cavity tuning is not a new idea. As early as 1956, several peoplel2'3 had successful experimental results and had developed a theoretical understanding of ferrites in rf fields. These early experiments used ferrites with a bias magnetic field applied perpendicular to the rf magnetic in their cavities. They also tried placing the bias direction along other possible axes of their cavities.
All these experiments were carried out at X-band (approx. 10 GHz). In all the cases of applied magnetic field perpendicular to the rf magnetic fields, the applied bias was If we have the condition of a magnetic dipole in a ferrite subjected to a dc magnetic field H and next apply a second magnetic field h, which is both an rf field and perpendicular to the dc field, the rotating vector (H + h) describes a cone. The magnetic moment M moves with a precessional motion around the cone. The condition of gyromagnetic resonance occurs when the rf frequency is synchronized with the precession. The resonance condition occurs at
where Ho is the dc magnetic field in oersteds and f is the rf frequency in MHz.
One must remember that under these conditions, the representation of the permeability of the ferrite is a tensor quantity.
The permeability tensor was derived by Polder and given by Figure 3 shows the results for all three ferrites with frequency being plotted Fig. 1 Fig. 2 . It is a quarter-wave coaxial cavity with ferrite loading on the low-voltage end. The solenoid provides an axial dc magnetic field, while the rf magnetic fields of the cavity are in the 0-direction. Gauss. Table I shows some of the ferrites that were tested in the prototype cavity. These three ferrites have low values of spin-wave line width.
. . SUPERFISH design for a full-power prototype.
